Studies on beta-Lactams
B a s a n t a G. Ch a t t e r j e e and R ia z F. Since the discovery 11 of the activating effect of the N-(p-Nitro-phenyl)-group on the methine hydrogen of halogenacetamino esters, it has been found that the p-Acetyl-phenyl and m-Nitro-phenyl groups exert a similar effect. It has been shown that the delocalisation of the N-non-bonded electrons across the orbitals of the A'-Aryl substituent is the governing factor in the cyclisation of the above systems, and the effect of the bulk of the A-Aryl substituent is relegated to a minor p o sitio n .
Discussion
After the presence of the beta-lactam ring and its biological significance was established in Penicil lin 1, Cephalosporin and Pachysandra Terminalis 2' 3, several new methods were developed for its synthe sis 4. Among these, the intra-molecular alkylation of ^-substituted halogen acetamino malonates seemed to be the most general 5-6. The technique of S h e e 1 H. T. C l a r k e , J . R . J o h n s o n and R . R o b i n s o n , The C h e mistry of Penicillin, Princeton University Press, Princeton 1947. 2 E. P. A b r a h a m and G. G. F. N e w t o n , B iochem . J . 79, 377 [1961]. 3 T. K i k u c h i and S. U y e t o , Tetrahedron Letters [London] 1965, 3473. 4 J . C. S h e e h a n and E. J . C o r e y , O rg . Reactions 9, 388 [1957] , 5 J . C. S h e e h a n and A . K . B o se , J . A m er. chem . Soc. 72, 5158 [1950] .
h a n and B o s e was extended by Ch a t t e r j e e and R a o , to systems in which the methine hydrogen atom was activated by groups other than two ester functions7-9. It was noted that the closely related intra-molecular alkylation of o>halogen-alkylmalonic esters ocurred in poor yields even in the presence of sodium ethoxide 10, while the base of choice in the Bose Sheehan synthesis was triethylamine.
The effect of the group attached to the nitrogen atom of the halogen-acetamino esters had not at tracted much attention until it was demonstrated that an A-(p-nitro-phenyl) -group exerted a long range activating influence on the methine hydrogen atom of such systems 11.
A large number of compounds were investigated, using various bases:
The work indicated that in such systems, the APhenyl substituent was co-planar with the three va lences of nitrogen and with the amide carbonyl of the halogen acetamino-ester and also with the betalactam carbonyl after cyclisation. A p-nitro-phenyl substituent on the nitrogen of such a halogenacetamino ester greatly activated the methine hydrogen atom, but when the co-planarity was disturbed as for example in the series (a) or (b) with bulky or^Ao-substituents, then the activation decreased markedly.
The conclusion was that in the systems (1) the two functions attached to the carbon atom carrying the methine hydrogen atom, played their role in effecting cyclisation, together with the contributing activating effect from the A-substituent, to give the beta lactams (4) .
In the work to be described attention has been centered on firstly, whether groups other than the nitro-group can cause activation to any marked de gree; secondly whether an electron withdrawing substituent in the meta-position can cause activa tion; and finally to establish the role of the A-aryl substituent as a whole more exactly.
The amino esters that were synthesised for the study had satisfactory IR absorption characteristics, and were characterised by microanalysis in addi tion ( Table 1 , Compounds 2). Liquids were puri fied and used directly for the next step as they could not be obtained analytically pure.
The esters could all be chloroacetylated by refluxing them with chloroacetyl chloride in benzene for several hours 12.
The following halogen-acetamino esters were syn thesised (Table 2 ) , by this method. They were mostly liquids, which were purified preliminarily and used for the next step, while two were con verted to their 2,4-DNPH derivatives 13, which could be microanalysed. 11 B. G . C h a t t e r j e e a n d R ia z F . A b d u l l a , C h e m . Ber. 102, 13 S h r i n e r , F u s o n , a n d C u r t i n , " T he S y stem a tic Identifica-2129 [1969] .
tio n of O r g a n ic C o m p o u n d s, 5th E d . With the weak base triethylamine in benzene so lution, the compound iV-(p-acetyl-phenyl) ,/V-chloracetyl-2-phenyl-glycine methyl ester (3 b) eliminated the elements of HC1 to afford the corresponding beta-lactam (4 b) as a pale yellow crystalline solid which showed the expected absorption peaks in its IR spectrum. The compound (3 a), as expected, cyclised much faster than the corresponding /V-phenyl-substituted ester.
As a result, it was demonstrated that the N-(pacetyl-phenyl) -group also activated the methine hy drogen atom and that, therefore, in principle, any electron-withdrawing group substituted on the phe nyl ring attached to the nitrogen atom of the halogenacetamino-esters would activate the methine hy drogen, if there was no steric disturbance of the co-planarity of the A-aryl substituent with the three valences of nitrogen.
Certain points of difference, and others of simi larity, however, manifest themselves in the p-acetyl series, as compared to the p-nitro-series of com pounds. Firstly, in the former, the elimination of HC1 with triethylamine is slower than in the lat ter n . This is in accordance with the widely acknow ledged fact that the nitro-group has greater "elec tron withdrawing capacity" than the acetyl group. Another interesting dissimilarity is that the beta- 
The amino acid V(p-acetyl-phenyl) -/3-carbmethoxy-/?-phenyl-/?-alanine (5) was recrystallised from 95% ethanol and characterised by its IR spectrum and microanalysis.
The beta-lactam (4 a) derived from p-acetylanilino-malonate was a liquid and was characterised as a solid 2,4-DNPH derivative which showed satis factory microanalytical characteristics.
The acetyl group in the beta-lactam 4 a and 4 b is an attractive group to exploit. In view of the biolo gically interesting properties of amino-thiazoles and the work done on them by Ch a t t e r je e and M o z a 14, the acetyl group was converted into a thiazole ring. As distinct from the work of Chat t e r je e and M o z a who converted an acid function through the alpha diazo-ketone into an alpha halogeno-ketone, the acetyl group in 4 a was brominated. The phenacyl bromide was treater in-situ with a slight excess of thiourea. 6 was generated by ammonia. 
CHC0 3( O )N-C(COOC2H5)2
The activation produced by electron withdrawing para-substituents on the /V-phenyl group of the systems under study and mentioned above, on the methine hydrogen atom of those systems, leads to the question of whether a strongly electron-with drawing group in a meta position could also lead to an activation of the methine hydrogen. Here the planarity of the /V-aryl-ZV-CO-system is not disturb ed since the meta-position has little steric effect on the N substituents of the halogen acetamino ester. Surprisingly, this system (3e) also cyclised with triethylamine, to give the desired beta-lactam. It ap pears that the role of the electron withdrawing sub stituent on the /V-aryl group is merely to deplete the pi-orbitals of the aryl substituent of their normal electron density, and this in some way serves to en hance the acidity of the methine hydrogen atom, leading to cyclisation with weak bases, which with out this depletion of the electron-cloud would not occur.
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No specific commitment has yet been made as to whether the bulk of the /V-aryl substituent played a role in the cyclisation of compounds (3) and ana logs. The question of whether the driving factor in the beta-lactam synthesis developed by Sh e e h a n and Bose was derived from the bulk of the A^-aryl substituent (forcing the carbon atoms holding the hydrogen atom to be eliminated and the chlorine atom to within bond forming distance) or from the delocalisation of the Ar-non-bonded electrons into the A'-aryl substituent was not clarified. A general rule is that the more heavily the small ring is substitued, the stabler it is, and that, as a corollary, heavily substitued small ring compounds are easier to synthesise than their unsubstituted analogs. Un 14 B. G . C h a t t e r j e e a n d P. N. M o z a , J. M ed . C h e m . 9, 259
[1966].
fortunately this rule does not apply to the A'-aryl substituent in beta-lactams. In order to demonstrate the minor effect of bulk, relative to the importance of A-lone-pair delocalisation we examined the ki netics of elimination of three systems. We chose chloracetanilido-malonate as a reference system, while in one system (3 c) the phenyl group was sub stituted by a p-methoxy group. In the third system the phenyl group carried an ortho-methyl substitu ent (3 d ). Clearly if bulk governed the stability (hence rate of cyclisation) then the fastest elimina tion would occur with the compound 3 d, while if delocalisation played the key role then the decrease in order of the rate of elimination of HC1 with base would be from chloracetanilidomalonate, through Table 3 . Kinetics of elimination of HC1 from Compounds 3 in benzene with triethylamine at 30 °C using identical concentra tions.
3c (p-methoxy-substituent) to 3 d (bulk maximum, orfAo-methyl-group, delocalisation m inim um ). The table of kinetics clearly established that the order is indeed the latter. As the table indicates, an electron donating sub stituent such as a methoxy group (CH30 -) causes a decrease in the rate of cyclisation relative to chloracetanilidomalonate and this is attributed to a de creased delocalisation of the /V-lone pair, resulting in the lowering of the acidity of the methine hydro gen atom. With an orjAo-methyl substituent on the Ar-phenyl ring, the rate of cyclisation decreased even more significantly. Though the bulk of the A^-aryl substituent in this case is the most the rate of cycli sation is the slowest. Clearly bulk is not the gov erning factor in effecting cyclisation. However, if we consider that the orj/?o-methyl group causes the /V-aryl substituent to be forced into a non-planar conformation relative to the three valences of /V I I
then we can rationalise the slow rate of elimination as being due once again to a greatly decreased de localisation of the AMone pair relative to chloracetanilido malonate. Therefore, as far as the ,/V-aryl substituent is con cerned its role in delocalisation of the N-\one pair is of far greater consequence in the Sheehan Bose Synthesis than its bulk, which must be con sidered as having been relegated to a role of second ary importance. The IR absorption of the betalactam carbonyl in the compounds 4 c and 4 d, oc curred, as expected, at a higher wavelength than for beta-lactams in general. Thus 4 d (the half ester of the dicarbethoxy azetidinone produced with triethyl amine) showed a lactam C = 0 peak at 5.77 /< since the iV-lone pair was "more available" for delocali sation into the rr-orbitals of the lactam carbonyl.
The Table 4 shows the beta-lactams synthesised in the study. Those that were liquid were characte- rised by conversion to derivatives, and the dicarbethoxy beta-lactams produced from compounds 3 c and 3 d were characterised by saponifying one of the two ester functions to free COOH, when the compounds could be well crystallised for analysis.
Description of the Experiments
All melting points are uncorrected and were taken in open capillaries using a Gallenkamp m.p. apparatus. The IR spectra have been recorded using a PerkinElmer Infracord. 
N-( p-acetyl-phenyl)-aminomalonic acid diethyl ester

N-(p -acetyl -phenyl)-N'-chloroacetyl-amino-malonic
ester (3 a) -5.45 g 2 a and 5.00 ml chloroacetyl chloride were gently refluxed at 110 to 120° for 4 hr. (or in 50 ml of benzene for 10 hr.), cooled and poured into 7 ml of ice cold isopropanol. The excess isopropanol was distilled and the residual oil was taken in ether, washed with potassium carbonate solution, water, treated with sodium sulfate (anhydrous)/charcoal, fil tered and distilled to give 4.5 g (66%) 3 a as a brown oil characterised as its 2,4-dinitrophenyl-hydrazone, m.p. 157 -158 (ethyl acetate).
C»3H24C1N50 9 (549.5) Calculated N 13.02, Found N 12.73.
N-( p-acetyl-phenyl) -2-oxo-4,4'-dicarbethoxy-azetidine
(4 a) : 3.60 g 3 a in 40 ml anhydrous benzene was treated with 9.0 ml of triethylamine and the mixture filtered after 24 hr. to give 1.4 g (100%) triethylamine hydrochloride. The benzene layer was washed free of base with 2 N HC1 acid solution, then with water, dried over anhydrous sodium sulfate, treated with active charcoal filtered and distilled to yield 3.0 g (90%) 4 a as a brown oil characterised by its 2,4-DNPH deriva tive, m.p. 182 -183 °C (ethyl acetate).
C23H23N50 9 (513.0) Claculated N 13.65, Found N 13.62.
N-[ p-{5-( 2-amino-thiazolyl) } -phenyl ] -2-oxo -4,4'
-dicarbethoxy-azetidine (6) : 3.0 g 4 a was dissolved in an hydrous ether (15 ml). To the solution 100 mg of anhy drous aluminium chloride were added followed by 0.5 ml bromine. The reaction mixture was kept at 0 -5 °C and stirred (15 min.) until the bromine color was dis charged. The ether along with the HBr was quickly re moved in a stream of dry air at 40°. The oil left was treated with 3.5 g thiourea in 30 ml of methanol and the mixture refluxed for 3 hours. The methanol was distilled off and the crystalline residue left was dis solved in water and basified with strong ammonia solution added dropwise to yield 2.0 g (52%) 6 as a yellow powder. Needles from isopropanol m.p. 198 to 199°. 
N-( p-methoxy-phenyl) -2-oxo-4,4'-dicarbethoxy-azeti-
dine: 3.85 g 3 c in 38.5 ml anhydrous benzene was treat ed with 3.85 ml triethylamine and stirred in a stoppered vessel. The reaction was filtered every two hours to measure the kinetics of elimination, and finally the mixture was boiled and filtered to give a total of 1.42 g (95.9%) triethylamine hydrochloride. Working out the benzene filtrate in the usual manner gave 3.45 g (100%) of the beta-lactam as an oil.
Saponification to 4c: 3.45 g TV-(p-methoxy-phenyl)-2-oxo-4,4'-dicarbethoxy-azetidine was dissolved in 10 ml of absolute ethanol, 0.62 g of potassium hydroxide was added and the mixture stirred for two hours, in a stop pered Erlynmeyer flask. This was followed by the addition of 50 ml of anhydrous ether, the precipi tated potassium salt was filtered out, dissolved in 10 ml of water chilled to 5 °C and acidified with 12 N HC1 when the free acid 4 c was deposited as an oil. 
